DOCOHEHT BESUflB 



SD 164 278 

&OTHOR 
TITLE 



PUB DATE 
HOTE- 

EDBS PRICES 
DESCEIfTOBS 



SE 025 343 ' 



Hhite^ Eicharajlr, " >^ 

Belevance of Practical Work to comprehension of ' 
Physics. Pa^er Given at the Conference on* ••The Role 
of the Laboratory in Physics Education r" Oxford 
University r July 1978 • 

Jul ^8 ^ 
14p. < . • ' 

MF--$6.^83 HC-$t^67 Plus Postage, 
'>eollege Science; *comprehension; ^Experiments; Higher 
ilducatiou; Inquiry Training; *Instruction ; 
♦Laboratories ; Learning; *Physics; Science Education; 
Teaching Met'hods 



ABSTRACT 

This doGwaent presents the rationale'^for laboratory 
vorlc, which is allege^ Jro be ritualistic in many schools and 
colleges. The rationaM^ls that laboratories are a fertile source of 
memory structures cajCed episodes^ which would enhance the 
comprehension of abstract subject^ matter when associated with i*. 
Specif ic"arfd generalized e^pisodes are described. Consideration of 
these episodes leads to Recommendations for inclusion in a yearns 
program of: (1) a 'few unusual and dramatic experiments that can be 
linked to topics of central importance; (2) experiments that involve 
common, everyday objects as equipment so thatr physics can be more 
easily related to daily life; and (3) experiments that are true 
problems, which will train students in plartning in investigation ^ 
instead of following d.irections and'^in writing a proper report 
instead of reciting the steps laid down in a mannral. (Author/GA) 
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ABSTRACT 



/ 
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/ 



An explicit rationale is presenti^ for laboratory work, yr 



.which is alleged to be ritualistic in /niany schools and college 
The rationale is that .laboratories are a .fertile source of 



/ 

/ 



memoril structui^es called episodes/ whixdi slj^uld enhance theg 
comprehension of -abstract subje/t matter when associated with 



it^ Specific and generalized/episodes are described. 



Consideration of these 



/ 

episodes leads 'to recommendations for 



inclusion in a year's program of (a) a few unusual and 
J ■• \ / ■ • * , 

dramatic experiments tji^ can be^ linked to topics of central 

importance; (b) exper'imeiits tha^ iiivolve common ;^veryday * 

, <, objects as equipment"^ so that phys^s can lose some of its 

"labness" and be ^more^ easily related to daily life; and 

-(c) experiments tl^kt a;re true problems, whi,ch will train students 

. ''^^^(SLL^^n planning an investigation inst^af^of following directions 

.and in writing a proper report, instead of reciting the steps 

'L^ laid down in a manual . 
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- • ' V V . ^< ■ • • • 

RELEV3\NCE OF .PRACTICAL WOBK TO, COMPREHENSION OF PHYSICS * 

/One- of my older American friends tells- me that before the Second 
World War he took a universi^ty course named Gentlemen's Physics, -^T^s 
was not, ^as one^ght now suppose / an alternative/ to Ladies • Physics-, but 
.to a course that colered the same subject matter and also 4J^cluded 
practicai work "in the laboratory. Named simply Physics^, this must 
have beeri^ intended . for the lower classes of socj^ty, 

V . . ■ \ ' •■- 

' CouKses such as Gentlemen 's^^^^ys^cs aire now non-existent or raxe, 

despite "the obvious econoitiy of having, no practical work. Their dis- 

appearai^^ce is not a result of research evidence-, ^ sjLnce those few studies j 

which have investigated ..laboratory work in the science^have f ound it ^ 

ptoduced little difference except in manipulative skills (e-g*, Kruglak, 

1953; Yager, , Engen, & Snider/ J.969) . Rather there seems tcrl6e a settled 

faithcin^^e value of practical work, a near-religion to i^ich-'we, are 

prepared to donate large amounts of time and money. One conseq^ience^of ^ \ 

the dogmatJis-^oundation of practical work is that only too often it 

becom^ a matter ^itUal, ^l^e purpose of which is lost. > Then practical 

woric is included i^ coxxrses because it is expected, not: for a particulcu: 

treason* Hence any exercise is seen as being as good as any othei^r.- Nor 

> 

is there anyLway of jxidging whether the set of exercises in a course? is 



complete enough; no way of telling whether a particular type of exercise 
is lacking; and 'no way of judging whether the exercises in a course a^e 
fulfilling any purpose- Therefore it shourci be useful to inspect the 
tasis of the faith in practical work, since this might establish it on ^ 
a f irmer ,""more rational ground than that of accepted dogma, and we^might 
then be led to'new and more- effective forms of laboratory exercises. 



\, )^ -i:-;; Types of Performance and ElementSrnjf Memory 



Practical work is intended to enhance sxibsequent performance. 



Sihc?e perfozmance is a comprehensive term, we may heed to look more 



>z^nar 

^ clos^y at what we mean by ^t. A useful iijfitial split is into cognitive^ 
affective/ and motor outcomes. We will concentrate on the cognitive 7 
domain because of its ^ importance and because l£dDOratory exercises already 
r! seenr effective in training learners in motor fekills^ and the affective " 
domaan is too cca^lex to -Jackie- Cognitive perf ormance^can be divided 



xurthea^ along two distinct dimensions |. one coQpernirig. the type of siabject 
matter that is involved/ and the other the degree of novelty in the 
" performance/ that is whether it is just straight recall of a piece of 
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knowled^^?^:-^Rether some transfer of knowledge is necessaiy. . In 

discussing^ these, two dimensions we will fi'tid it convenient not to treat 

■ f " 

the learner as a black box but to ust& a description of memory processes 
and their involvement in performance. Then we caji consider i^nproveraents- 
in the current ^^^pndijct of laboratory work. 

The most useful division of subject matter for our .pu2:3)ose is' 

that made by Gagn^ (1968) between verbal knowledge md intellectual 

skills* The former are^ si-ngle facts while the latter are capacities 

to perform a whole class of tateks. Learning that the Weber is a unit 

of magnetic flux is acquiring a piece of verbal knowledge, while learning- 
*^ ' » ' ' 

to solve two-dimensional collision problems by the application of the. 

( > ■ . ^ , 

principle of conservation of momentum ^s "acguiri^iM an^ intellectual skil^. 

In the first instance the knowledge can be expressed in effectively ^ 

I . ^ ■■■ ■ 

only a single way, while in the second an" algorithm is involvakd which 
will allow solution of an infinite number of examples. This division 
is importaiit because there ax,e quite" different procedurea involved in 
learning the two typ<Ste.. - Verbal knowledge is readily acquired, given 
a knowledge of- the language involved. '^'We can teach anyone with a command 



ofj:nglish that, for example, diamond has a high refractive index. 
Wiether they comprehend the^ full meaLnmg'^:>f t;he statement or hot is 
anottier matter, but as far as the acquisition of this faet is concerned,, 
for roost people a si?[igle statement of it by the instructor will be v 

enough. intellectual skills are not so easily^ acquired. Gagn€,' 

<- . ■ 

Mayor, Garstens, and Paradise (1962) and ^ite (1974), among others, 

have shown that they are learhed hierarchically ±p that the skill -canixot 

be .learned ijliiless all of a set of identifiable pre-requisit^^^sfe^ are 



already possessed. 



Both verbal knowledge and intellectual skills are stored^way 
as elements of long-term knowledge. Where they are not associated by 

irner with ^y other element we say they have been learned by rote. 



and that xanderstan^iig is a consequence of linking the elements with 



others in memory. Gagn^ and White (1978> have elaborated this notion, 



and in addition have iderttified two further' elements of long term memory 



which they call images and episodes. These - too may influence the 

/ ^ - . ■ . = 

storage' of facts or skills -by beirig linked with them. • Images ajre 



figural representations in "faiemory of diagrams, pictures, or scenes. 
Episc^es are representations sto^fi in m^ory of* past events in which 
the individual was personail^;ijSvolved, - either as an active protagonist 
or as an observer. Since epi^6des are an important part of the theme 
of this pa£>er, some furthei: description of them is necessary. 

» . ^ ' f 

- Episodes 

'■J ■ ■ ■ ■ ■ 

■ ^ j^- ' We can conceive of a continuum of episodes which runs from 
specific tc? general ones. A^thoCgh the following (discussion necess^ily 
treats them as a dichotomy, notion of continuum should not b^ 

f orgotSi^n_^ 



4.^ 



Let us consider 46pecific episodes first. Each of us has an 
idiosyncratic set of specific ej^lsodes^^ which go on being fornjjbd and 
stored at all •^^ges beyond earliest infancy. One of mine, for e5caiti>le, 
is of sitting in a laxrnch in a featureless sea from which, through 
falling of the tide, the Great-Barrier Reef suddenly? rose up, at first 
as isolated blocks of coral and then as a low wall stretching to le^t 
and right as far as I could see. Quite specific details remain to me 
of this recollection of an event a quarter ^of a century qld: my positiori\ 
in the launch and its orientation to the reef, the feel of a sli^^jJit*^cean 
^ swell, the presence of fishing lines trolling behind. In this instancy" 
I was a passive observer, but in another I was an active participant. 
This was in the first year Physics laboratory at the University of 
f5elbo\xrne, when in doing an experiment concerning viscosity I allowed 
oil to spill over myself and the floor. These examples . illustrate why 
some events are , more recallable than others: the c?nes we find easiest 
/ to recall are t^ose that are unusual in some mcinner that engages- the 
'emotiCTis. -They ^e often dramatic. Ti«^ emotions involved may be of 
any tj^, such ^ pleasure and a sense of wonder, grandexir and beauty 
as in^ the example of the Ree^, or surprise, annj^^^^, a^d'-embarrassment 
as with the oil. . 
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Specific episodes are powerful aids to recall of any knowledge 
s associated with them. ^ remember, for ijfstance, seeing a 
demonstration of carbon monoxide being ignited in.'^ two metre tall gas 
jar. The gas burnt slowly down with a paraboloid flame, emitting blue 
light and a musical note which rose in pitch as the flame neared the bottom 
of the jar. This memorable event is associated for me with verbal 
knowledge about energV transformations and the properties of carbon 
monoxide, and in fact is a link for me between two topics which otherwise 
would not be closely associated in my memory.. Hence that specific 
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episode is a strong peg which maintains for ine the eas^t repallability 
of the associated verbal knowledge . 



At the other end of the continuxnn from highly specific episodes 
are , generalised ones. ~ These are attracting some attention in psychology., 
in the terminology of Schank and ;^elson (1977) they are known as scripts. 
'They are formed from repeated experiences which we perceive as being of 
the same type. When we^ have the same sort of experience many times wS 
abstract from it its general featured, and when we are cued by the name_^ 
we have given to that experience we. can construct in our minds representa- 
tions of it. When you contemplate the cue "bicycle" ,^you can (if you 
^ have ridden one) recapture the feeling of being on a bicycle and may even 
be able to picture yourself riding along on one. This does not prohibit 
recall of s specific episodl involving a bicycle; you canrecall both 
•generalised and specific episodes mor^ or less at the same time. . . 
^ Generalised episVdisT' though not formed on the dramatic 'and 

emotive basis "of specif ic ones / are also imppr^aSt^n^e learning and 
subsequent recall and transfer of subject^tter . ^^^ovide a^stock 
of concrete experiences which are essential in giving meaAng to'new 
information. When people are be^' told some^i^ new abo|^ bicycles, / 
or electrical circuits or energy or electrons / they will comprehend the 
■'ix^formation and assimilate it bkt^r if t^ey have a stock of generalised 
episodes about these topics. Notions suc^ as entropy or case grammar 
or gross national product are hard to comprehend because we cannot easily 
' niake them d^rete or attach them to -any past experience. Inability 
to relate new information to generalised episodes either directly or ^ 
through a short chain of ot^er knowledge means that it is learned in .an ' 
abstract fashion, so : that there is a tendency to loathe ability to 
• recall it and it is difficult to apply it. . As MayerXand. Greeno (1972) 
have shown, absence of such contacts, which they call external^ connect! 

' ' 8 ' ■ ' 



inhibits performance in solving problems. / 

^ _ E pisodes and the Laboratory ' 

NOW let us considers physics laboratory in *e light of these 

* notions of specific and, generalised episodes. 

■ ■ • ' ^ 1 

Specific; episodes^ jr 

■ Laboratories currently are inWmain smoothly organised places 



as 



where th« unexpected is not intended to occur. Dramatic.. emotive 
- events are rare.^and so strong specific episodes are unlikely to 

formed, "where tl»^'are, it will often'be through some disaster ^ 
^ e«mple of spilling the oil, and as it is the nature of these events 
^ to occur in * random, uncontrolled imd unpredictable fashion thej are . 
unlikely «> be Wed 'with subject matter in useful way. But since 
specific episodes are powerful aids to recall, as illustrated by my . 
example of burning carbon monoxide, we might profit from altering 
. present laboratory practice so that controlled episod^ are. more likely 
to be formed. We cannot have all experiments dramatic, emotive, or 
unusual. ^.part'jfr^m the difficulty of inventing a. large number of such 
experiments, the fact of having ».ny would militate against their unusual 
ness! , . in a year's course we can have only a handful of -experiments 
^t are so , unusual .tllat doing them will establish permanent specific 
■ episodes. sTherefore the to)>ics for th&e experiments should be chpsen 
carefuay. a^ should be key topics , of ti^ course rither than frin^ 
• - ones. in second^ .school physics, for example^ conservation oi . 
energy may b. agreed upon as a central topic, so ajpectacular energy 
&ange experiment would b. good to have . J« example would be for 
students t( make a powerful c^apult, to construct its force^extension . 
graph so en^g them to calculate the work done in extending it, and 
then to use it^utside firing- a kn^wn mass at 45- when the range can 



be used to find the kinetic energy , at the moment of release. There is 
a' lot of physics in such an e'^fcperiment, but its main value is its 

novelty, which will make it memorajsle. ^ _ ^ 

1 • • 

More is needed than simply the experiments themselves. Early 

results of some work in progress by Elaine Atkinson at Monash University 

Facult^of education, suggest that students often fail , to connect practical 

W*j,rk with other subject matter, so in addition to providing suitably 

unusual e^cperiments which will establish episodes in students' minds, 

teachers will have to consider hoC to encourage^m to link the episode 

with appropriate intellectual skills an<^verbal knowledge. ' At pr^sent 

this i^ either left to chance or is assumed to be an automatic process. 

It is not yet known how such links can be produced, but ^ simple 

technic^ue nxight be sufficient, such as. emphasising a se^ence in which 

' a good descriptive name of the e^eriment is combined with the name of 

the physical principle. For our example this might be "This catapult 

experiment is about transformat ion of energy. " ^ 



Generalised episodes »*r * 

What purpose is served by the present form- of laboratory 
experience, which does 'not reach dramatic heights? ' From the,' earlier, 
discussion we can see that such experiments do provide a stocjc^ of 
-generalised episodes which should be important in the learning' of physics , 
These generalised episodes come from repetitive and ^varied meetings with' 
pervasive concepts such as measurement and accuracy and with measured 
-quantities such as length, time, potential difference, or current, and 
from direct experience of phenomena such" as refraction. The experiments 
the handling of apparatus, provide a concreteness or shift from 
abstraction which " C^ntklr^ei^s Physic^acks. This shi^T is go<5d 
'because generalised episc^act as.rea^y recalled posts to which new 
information can be linked and thus made We comprehensible, and because 

« - 10 



thoy aid recall of information about specific quantities" such as 
potential difference. Kecall of verbal .3cnowledgo and intellectual skills 
is not a Simple -xnatter but is a function of the »ass of elements of long 
t:exm loemory that are associated with them. ' The greater the set of 
associated episodes and ixnages the more readily will" the knowledge be 
recalled. Ir. this context we sh<^ld note that laboratory work, as well . 
■as leading to episodes, may provide a much greater range of i^^ges than 
will generally be the case for no^-laboratoxy instruction, especially 
if we do not restrict the term' to visual images but also include tactile 



ones. 



Does this notioh, of generalised; episc " " indicate "any shortcomings 
in the current organization "of laboratory wox. The usual form of ^ ^ . 
laboratory exercise does -give experiences of measurements and meetings 
■with physical' qi^^'ies, and th^ repetition of the^e e^eriments does 
Nlead-to useful ge.erlised episodes. The weakness of these episodes, lies 
in their "labness", their lack of relation to events of daily lifo 
outside the school or university. If ^ey did so relate, the daUy 1. a 
expediences, would help the fo^^nation of the episodes and speed the process 
of 'abstracting their important general features, and the episodes would 
' be' . much-needed link betweex^ the school and daily life . 'r.e implication 
is that a substantial proportion of laboratory" experiments neois to be 
taken out of the laboratory and away from- artificial apparat^^is, and ^ . 
. should be carried out in a'daily life context with familiar materials. 
Of oours. this is difffic^lt, and not possible for all topics. However, 
mechanics; optics, and electricity surely contalx^ many opportunities to 
„ake this Change. ' Kinematics e^eriments, for^le, might better be 
' done with ^ople, bicycles,^ and cars than solel^y with trolleys and 
; airtracks; experiments on refraction might involve. swimming pools rather 
' than glass blocks; and electricity might betterbe studied with house 
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fuses, switches, and meters or with torches' (flashlights) in their 
coimnercial, cases than with rheostats and potentiometers. As well- as - 
providing more recallable and useful generalised episodes these changes 
could make students see physics as a 'more, relevant study in their lives 
,than they do now. 
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Integration of Knowledge 

The notion of linking 'episodes to other knowledge enables us 
to identify one further, type of experiment which currently is missing 
from our "laboratories. Once learned, knowledge can be further integrated 
b^ increasing and strengthening the mnks between its elements. This, 
can be brought about by applying the knowledge in solving problems: the 
act of doing the problems forces new^connections to be made. Pencil 
and paper problems^are not powerful enough to be fully Wfective in ^ 
this regard/but practical situations are excellent. They , can force 
students to integrate knowledge in solving real problems. Unfortunately, 
hardly any experiments in school or undergraduate physics today are 
presented to students as problems'; rather they are exercises in following 
directions. An example of -a real problem would be to give a student an . 
inflated balloon with the request to measure the potential energy. stored 
in it^ and with no further instructions on how to go about it. White 
(19.76) lists a few more examples of practical problems. of this type. 
) . Experiments that are true proJleifiS train students for two desirable 

^outcomes which have not yet beeH-touched on. Onef is the ability to 
*^design experiments, that iis to list the seque-nc^of actions necessary 
once a general coursi has been specified. The present direction-following, 
experiments do nothing for this outcome. The- other is the ability to . 
"describe the experiment. The current laboratory report is too often V . 
stereotyped repetition of the instruction^ , which does not teach the- " , 

12 



studeht ht«. -to' organize his wtit:^ nor how to . describe actions L a way • 

tiat will. be. useful outfside the laboratory. This is a pity, s'ince the 

sdience laboratory is one^ th^:few paft:s=^f .the curriculum ^here students 

can practise writing a " specific, detaile"2 description of actions,. and . ^ 

reasons, for themV or of hypo-thesi) f or thiiigs seen\ In this -respect 

stefeotyped laboratory reports .are letting down .the whole curriculum, not ; 
. . . • * - • ^ ■ - . . . . - t. ' 

'just the svibject 'of Physics. ) '.*' . - ^ 

' SuTTTmary - , . . 

.'■ ' ■ ^- ' ■ ■ , . : ' . - • ■ ■ . .- ■ - ^ ■ ■ . . ■ 

It ^-suggestied that three .--^e? of ^xperi^nt be added tj? those.' 
normally used In physics courses/ 'one type.is the ^tousual experiment.^ 

•which engages the emotions through being odd, dramatic! beauUful, or 
puzzling. A few- of "these exper'iments in a year's course should be used 

"as power^^l aids to the recall of. the i>st important topics. ^Another ( 
type is intended to establish generalised episodes involving materials ^ 
and events of common experience, with the purposes of linking school . 
subject matter and daily life and of providing experiences which will be . 
called into play in making subsequent information con5>rehensible . The 
third type consists of true problem solving exercises which serve to 
integrate students' knowledge of physics, making that knowledge more 
readily .recallable and applicable to further problems. In addition 
these exercises will train the students in designing experiments and in' 
writing reports. ' ' 



KEFERENCES 



Gagne, R.m/ -Leaxning liier archies • SducationAl Psycho logists 1968, \ 

. 6, 1-9. ' " ^ ' . - 

Gagn^, R.M. , May6i:,"^J.F. Garsten^, H.L. , S Paradise, N.E. Factors ^ 

in acquiring -knowledge of a matheriiaticaP^^sk. ' 

PsycholQcrical Monographs , 1962, '76 (Whole No, 526) • 
<^^^, R.^,,'S White, R-T. Memory js true tures and learning. outcomes. 

Review of Edu cational Research , 1976, 48 , 

-: ' ■ 

Kruglak^^/ Achievement of physics students with anji without laboratory 

.... I work. American Journal of Physics- , 1953, 23^, 14-16. 

Mayer, R.E.'^N^ Greeno, ' J.G. Structural differences between learning 
outcomes produced by different instructional methods. 
<^ ^umal of Educational Psychology , 1972, 63^, 165-173. ^ 
^, s Abelson, R.P. Scripts, plans, goa ls and understanding: 
An inquiry into human faiowledge structures . New York: 
Wiley, 1977, . ' 

The validation of a learning hierarchy. American 
Educational Research Journal , 1974, 11 , 121-136. 
Training students in planning . practical investigations, - 
Australian- Science Teachers. Journal , 1976, 22^, 103-104. 
Yager, R., Engen, H.B. , & Snider, B.C.P. ^ Effects of the laboratory 

-and demonstration methods . upon the outcomes of instruction 
- in secondary biology.. Journal of Researc h in Science 

*3 ... 

Teaching , 1969, 76-86. . 



Schaiik, 




White, R.T. 



White, R.T. 



